EP 0 699 982 A2

Europdéisches Patentamt

(19) European Patent Office

Office européen des brevets
(12)

(43) Date of publication:
06.03.1996 Bulletin 1996/10

(21) Application number: 95113395.8

(22) Date of filing: 25.08.1995

(11) EP 0 699 982 A2

EUROPEAN PATENT APPLICATION

(51) Int. C1.5: GO5D 1/02

(84) Designated Contracting States:
DE FR GB

(30) Priority: 26.08.1994 JP 202175/94
08.08.1995 JP 202633/95

(71) Applicant:
TOYOTA JIDOSHA KABUSHIKI KAISHA
Aichi-ken (JP)

(72) Inventor: Futamura, Yoshisumi,
c/o Toyota Jidosha K. K.
Toyota-shi, Aichi-ken (JP)

(74) Representative: Pellmann, Hans-Bernd, Dipl.-Ing.
Patentanwaltsbiiro
Tiedtke-Biihling-Kinne & Partner
Bavariaring 4
D-80336 Miinchen (DE)

(54) Mobile radio communication system permit
used by the same
(57)  Through a technique such as a carrier sense

system or the like, a mobile station (14) identifies a base
station (12) (requested base station) by which the mobile
station is to be controlled. In response to polling from a
key station (10), the base station informs the key station
(10) of the requested base station. When the key station
(10) performs the polling to know that a receiving base

ting a mobile station to specify a base station

station which obtained the response is different from the
requested base station, the next polling will be made
through both the base stations (12). If the key station
receives the response from the requested base station,
the key station switches the base station controlled by
itself from one to another.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile radio com-
munication system wherein a single key station performs
communication to and from a plurality of mobile stations
through a plurality of base stations in a polled manner.

2. Description of the Related Art

In recent years, mechanized and unmanned opera-
tions have become increasingly widespread in various
fields. Particularly, many operations in factories have
been automated. With requirements in such factory auto-
mation, unmanned vehicle systems which automatically
cause unmanned vehicles to carry loads or to perform
other roles have been developed. Such unmanned vehi-
cle systems include a key station for controlling a plurality
of unmanned vehicles. Mobile radio communication is
carried out between the key station and the unmanned
vehicles to control them.

One of various types of such mobile radio commu-
nication is a system based on IEC (International Electro-
technical Commission) proposal of SC65C. In the IEC
system, a single key station is connected by wire to a
plurality of base stations which in turn perform wireless
communication to and from a plurality of mobile stations
in a polled manner (wherein each of the mobile stations
carries out a transmission at a timing indicated by the
key station). In such a system, further, one base station
is previously assigned to the corresponding mobile sta-
tions. Therefore, the response time can be shortened by
causing all the base stations to carry out parallel polling
operations.

However, the prior art raises a problem in that the
movable range of the mobile stations is limited because
each of the base stations is previously assigned to the
mobile stations to be controlled by that base station.
More particularly, if the base stations are located far
apart from each other, the entire system can have an
increased range capable of controlling the mobile sta-
tions. If each of the base stations is fixed to the mobile
stations to be controlled by that base station, however,
no communication can be performed between the base
station and a mobile station when the latter moves to a
position too far away from that base station. To widen the
freedom in the system, it is preferable that each of the
base stations is not previously assigned to the mobile
stations to be controlled by that base station. In such a
case, however, another problemis raised in that a mobile
station which moves to a new position must be smoothly
assigned to one of the other base stations.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
mobile radio communication system which can smoothly
switch the base stations from one to another.

According to the present invention, a mobile station
transmits the identification signal of a base station which
should be used next by that mobile station. Therefore,
the key station can always grasp the base stations to be
used by that key station in the polling of the base stations.
The key station can maintain good communication in
spite of the movement of the mobile stations over a wide
area (switchover of the base stations).

The polling continues via two base stations, a base
station identified by a mobile station as the base station
which will nextbe used and a base station which received
the previous polling response from the mobile station,
until the two base stations coincide with each other.

On switchover, therefore, the communication can be
reliably made to improve the reliability in the communi-
cation.

A mobile station is responsive to the identification
signal of a base station indicated by the key station to
switch the present base station to another responsible
base station. Therefore, the switchover between the
base stations can be reliably carried out to improve the
reliability of the communication.

A base station to be used by a mobile station has
been previously selected depending on an area in which
that mobile station will be present. Thus, the base station
can be reliably determined depending on the position of
the mobile station.

The present invention utilizes a carrier sense system
which is adapted to determine a base station to be used
depending on the intensity of radio waves from a plurality
of base stations, and also an area identification system
which is adapted to determine a base station to be used
by a mobile station depending on the position of that
mobile station. If it is preferable, the area identification
system will be utilized.

In one embodiment of the present invention, a plu-
rality of base stations transmit the same signal to a plu-
rality of mobile stations.

For example, the base stations transmit the same
signal specifying a destination mobile station to all the
mobile stations, each of which in turn receives this same
signal irrespective of whether or not it is the destination
mobile station. Only the destination mobile station
returns the polling response to the base stations.

In such a manner, all the mobile stations can receive
the signal for one mobile station. Therefore, security
information or the like can be broadcast to all the mobile
stations. Thus, all the mobile stations may be stopped at
the same time.

In another embodiment of the present invention, the
signals transmitted by all the base stations are of the
same frequency. At any one time, one communication
may be carried out between the key station and one
mobile station through one base station.
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In such a case, the key station has a table of the
mobile stations to be communicated with. Depending on
this table, the key station sequentially performs commu-
nication relative to all the mobile stations through the
respective base stations.

Thus, a single frequency may be used to perform
communication between the key station and the base
stations. The frequency band used in this communica-
tion can be narrowed.

When there is no mobile station in an area covered
by a base station, that base station will transmit a signal
that does not specify any destination mobile station.
Thus, the mobile station can positively recognize that it
has entered an area controlled by any other base station.
As aresult, the base stations to be controlled can be reli-
ably switched from one to another.

Furthermore, each of the mobile stations has a car-
rier sense function for sensing and comparing the levels
of signals from the base stations such that that mobile
station can recognize a base station having the highest
signal level as a base station to be communicated with.
Regardless of whether the same frequency is used by
all the mobile stations in the communication, each of the
mobile stations can select the optimum base station.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the entire layout
of a system which is a first embodiment of the present
invention.

Fig. 2A is a block diagram of the key station.

Fig. 2B is a block diagram of one base station.

Fig. 2C is a block diagram of one mobile station.

Fig. 3 is a diagrammatic view showing the appear-
ance of the system.

Fig. 4A is a view showing the structure of a signal
transmitted from the key station to the base stations.

Fig. 4B is a view showing the structure of a signal
transmitted from one base station to the mobile stations.

Fig. 4C is a view showing the structure of a signal
transmitted from one mobile station to the base stations.

Fig. 4D is a view showing the structure of a signal
transmitted from one base station to the key station.

Fig. 5Ais a view of a setting table illustrating the set-
ting of channels.

Fig. 5B is a view of a setting table illustrating the set-
ting of areas.

Fig. 6A is a view illustrating the registry of base sta-
tions.

Fig. 6B is a view illustrating the registry of polling.

Fig. 6C is a view illustrating the designation of poll-
ing.

Figs. 7-10 are flowcharts illustrating the processing
in the key station.

Fig. 11 is a timing chart illustrating the operation in
the first embodiment.

Fig. 12 is a flowchart illustrating the setup.

Fig. 13 is a view illustrating the registry table of base
stations during setup.
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Fig. 14 is a flowchart of a process when a mobile
station leaves an area.

Fig. 15 is a flowchart of the control of a mobile sta-
tion.

Fig. 16 is a view showing the layout of a second
embodiment.

Fig. 17Ais a view of a setting table showing the set-
ting of channels.

Fig. 17B is a view of a setting table showing the set-
ting of areas.

Fig. 18Ais a view illustrating the registry of base sta-
tions.

Fig. 18B is a view illustrating the registry of polling.

Fig. 18C is a view illustrating the designation of poll-
ing.

Fig. 19is a flowchart showing the control of a mobile
station.

Fig. 20 is a timing chart illustrating the operation in
the second embodiment.

Fig. 21 is a timing chart illustrating the timing of sig-
nals on the base station lines in the second embodiment.

Fig. 22 is aview illustrating a layout wherein the base
station lines are connected together in a star-like config-
uration in the second embodiment.

Fig. 23 is a timing chart illustrating the timing in the
layout of Fig. 22.

Fig. 24 is a view of the layout of the third embodi-
ment.

Fig. 25A is a view showing the structure of a signal
transmitted from the key station to the base stations.

Fig. 25B is a view showing the structure of a signal
transmitted from one base station to the mobile stations.

Fig. 25C is a view showing the structure of a signal
transmitted from one mobile station to the base stations.

Fig. 25D is a view showing the structure of a signal
transmitted from one base station to the key station.

Fig. 26Ais a view illustrating the registry of base sta-
tions.

Fig. 26B is a view illustrating the registry of polling.

Fig. 26C is a view illustrating the designation of poll-
ing.

Figs. 27-29 are flowcharts illustrating the processing
in the key station.

Fig. 30 is a flowchart illustrating the setup.

Fig. 31 is a view illustrating the registry table of base
stations on the setup.

Fig. 32 is a flowchart of the control of mobile stations.

Fig. 33 is a timing chart illustrating the operation in
the first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment
[System Layout]

Figs. 1, 2A, 2B and 2C are block diagrams showing
the structures of a key station, base station and mobile
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station respectively. As shown in Fig. 1, the key station
10 is connected to a plurality of base stations 12 (in this
diagram, five base stations #1-#5 are shown) through
communication lines. The system further comprises a
plurality of mobile stations 14 (in this diagram, five mobile
stations %1-%5 are shown), each of which is adapted to
perform radio communication between that mobile sta-
tion and any one of the base stations 12.

As shown in Fig. 2A, the key station 10 comprises
an application unit 10b and a polling control unit 10b.
When a program is executed in the application unit 10a,
the latter transmits given data to all the base stations 12
through the polling control unit 10b. Data received by the
polling control unit 10b is decoded by the application unit
10a. As shown in Fig. 2B, each of the base stations 12
includes a transmitter-receiver unit 12a and an antenna
12b. Data from the key station 10 is transmitted from the
antenna 12b through the transmitter-receiver unit 12a
while data received by the antenna 12b is transmitted to
the key station 10 through the transmitter-receiver unit
12a. In this embodiment, one channel of a given fre-
quency is allotted to each of the base stations 12. The
frequencies of the base stations #1-#5 are f1-f5, respec-
tively.

On the other hand, each of the mobile stations 14
includes an antenna 14a, a transmitter-receiver unit 14b,
a base station selection unit 14c and an application unit
14d, as shown in Fig. 2C. A signal received by the
antenna 14ais fed to the application unit 14d through the
transmitter-receiver unit 14b. The signal is then decoded
by the application unit 14d. The application unit 14d
includes a position sensor 14e. Data obtained by the
position sensor 14e (e.g., an area number wherein a
mobile station is present, this number showing the posi-
tion of that mobile station) is transmitted from the
antenna 14a through the transmitter-receiver unit 14b to
the base stations 12. The base station selection unit 14¢
is adapted to select any one of the base stations 12 which
should communicate with the corresponding mobile sta-
tion 14.

Fig. 3 diagrammatically shows the appearance of
the entire systemwherein the key station 10 is connected
to the base stations 12 through a cable. The mobile sta-
tions 14 are adapted to move on given paths, each of
which includes position sensing markers 16 arranged at
predetermined intervals. Each of the mobile stations 12
uses its position sensor 14e to sense one of the position
sensing markers 16 so that the mobile station 12 can
detect its own position (area number).

It is preferable that each of the position sensing
markers 16 is only disposed at a location which is rela-
tively close to a plurality of base stations 12 and in which
it is difficult to judge which base station should be
selected from the intensity of radio waves received by
the base stations 12.

In such an arrangement, the key station 10 transmits
various types of data to the respective mobile stations to
perform various controls thereof, such as movement,
stoppage and others. On the other hand, each of the
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mobile stations 14 provides data relating to its own move-
ment and position (e.g., area number) to the key station
10. Thus, the mobile stations 14 can be moved under the
predetermined control.

[Signal Frame Structure]

It is now assumed that a signal transmitted from the
key station 10 to each of the base stations 12 is a; a sig-
nal from each of the base stations 12 to the correspond-
ing one of the mobile stations is b; a signal from each of
the mobile stations to the corresponding one of the base
stations is ¢; and a signal from each of the base stations
12 to the key station 10 is d. The frame structures of
these signals a-d are shown in Figs. 4A, 4B, 4C and 4D,
respectively.

The signal a consists of a frame start, a selected
base station number, an indicated channel number, a
mobile station number, an up/down flag, data and a
frame end. The frame start is data indicating the start of
the signal; the selected base station number is data
specifying which base station this signal a should be
transmitted from; the indicated channel number is data
specifying a channel which is used by a base station
(e.g., frequency band used or the like); the mobile station
number is data specifying a mobile station to be trans-
mitted to; the up/down flag is data indicating whether this
signal is one transmitted from the key station or to be
received by the key station; the data includes various
data indicative of movement parameters and others; and
the frame end shows the end of this signal a.

The signal b is different from the signal a only in that
the data of the selected base station number is deleted.
This is because the signal b is transmitted from the base
station which has been specified by the signal a. The
data of the selected base station number already spec-
ified is not required. The signal ¢ consists of a frame start,
a requested channel number, a mobile station number,
an up/down flag, an area number, data and a frame end.
The frame start of the signal ¢ is data showing the start
of this signal as in the down-side signal; the requested
channel number is data indicating which channel a
mobile station wishes to use; the mobile station number
is data specifying the number of a mobile station from
which this signal is transmitted to the corresponding
base station; the up/down flag is data indicating whether
this signal is up or down, as described; the area number
is data indicating the position of the mobile station; the
data includes various data relating to the state of the run-
ning mobile station and others; and the frame end is data
indicating the end of the signal c. The signal d is similar
to the signal ¢ except for an additional receiving base
station number. Thus, the key station 10 can receive the
signal d to specify various data and a base station from
which these data have been transmitted.
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[Setting Table]

As shown in Figs. 5A and 5B, the key station 10 has
a setting table that has previously been set. This setting
table is subject to the following conditions:

(1) The base station number is unique for each base
station. In other words, only a single base station
number is assigned to one base station. As an
exception, the base stations in the same channel
may have the same base station number. In such a
case, however, the base stations of the same
number will be subjected to broadcast polling in the
same channel.

(2) A plurality of base station numbers may be used
in the same channel (which is normally the same fre-
quency band). This is because even if base stations
which located physically remote from each other by
a distance larger than the necessary one utilize the
same channel signal in the communication, there
will be no interference.

(3) One base station number must correspond to
one area number. This is because the area number
will not be controlled by two or more base stations
at the same position since it is the data specifying
the position of a mobile station.

(4) One base station number may be used by a plu-
rality of area numbers. This is because it is assumed
herein that one base station controls a predeter-
mined area and a plurality of area numbers may be
present in the controlled area to specify the position
of that mobile station.

Under such conditions, the key station 10 has stored
a table of base station numbers corresponding to the
channel numbers as shown in Fig. 5A and data relating
to two base stations that correspond to the area numbers
as shown in Fig. 5B.

[Control Table]

To control the sequence of polling, the key station
10 has a table of base station registry, a table of polling
registry and a table of polling indication, as shown in
Figs. 6A, 6B and 6C respectively. The base station reg-
istry table is adapted to store receiving base station num-
bers corresponding to all the mobile stations 14
controlled by the key station 10 as well as requested
base station numbers. Each of the requested base sta-
tion numbers is data relating to a base station which is
optimum for the corresponding mobile station to perform
communication therebetween. The polling registry table
is adapted to store a polling flag relating to each of the
receiving base stations registered in the base station
registry table, the polling flag being used to determine
the number of that mobile station and whether or not the
polling should be made to the mobile station. The polling
registry table also has stored a head indicating/process-
ing flag that is used to determine which receiving base
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station the process should be initiated at. The polling
indication table has stored the correspondence of a
selected base station number actually subjected to the
polling with a mobile station number, based on the
sequence of polling in the polling registry table as well
as the requested base station numbers.

[Process in Key Station]

The key station 10 utilizes the aforementioned set-
ting and control tables to control the polling communica-
tion from or to the mobile stations through the base
stations.

Fig. 7 shows a procedure wherein after the polling
has been made to one mobile station for one base sta-
tion, a base station received the polling response is
determined. It is then judged whether the base station
used in the polling is being switched depending on the
carrier sense or the position of the mobile station. There-
after, arequested base station to be used in the next poll-
ing is determined.

After the polling has been made to one mobile sta-
tion for one base station, it is first judged whether or not
that base station receives the polling response (S11). If
the polling response is not received by the base station,
it is then judged whether or not one predetermined poll-
ing waiting time is exceeded (S12). If not, the procedure
returns to the step S11 and it will be repeated. If the poll-
ing response is received by the base station at the step
811, the base station registry table stores its receiving
base station number. In other words, a base station used
by the mobile station that has received the polling
response is registered in the base station registry table
as a receiving base station (S13).

It is then judged whether or not a received area
number has been set in the area setting table (S14). This
is because the system uses a system (of area identifica-
tion) in which if an area number has been set in the area
setting table of Fig. 5B, a mobile station transmits an area
number to inform the key station 10 of the position of that
mobile station, the key station then determining a base
station to control the mobile station (requested base sta-
tion). If a received area number has not been set in the
area setting table at the step S14, it means that a base
station requested by a mobile station to be controlled
(requested base station) determines the mobile station
according to the carrier sense system. Thus, the base
station number of the received and requested channel
number is registered in the base station registry table as
a requested base station number (S15). Depending on
the result of the carrier sense, the mobile station trans-
mits the maximum level carrier from the base station as
a requested channel number which is in turn registered
as a base station number. If a mobile station is in an area
controlled by one base station, the receiving base station
number becomes equal to the requested base station
number. When a mobile station moves from an area con-
trolled by one base station to another area controlled by
the other base station, the receiving base station number
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becomes different from the requested base station
number.

If an area number received at the step S14 has been
set in the area setting area, the key station registers the
base station number of the received area number in the
base station registry table as a requested base station
number (S16). This is carried out according to the area
setting table of Fig. 5B to register a base station corre-
sponding to the position of the mobile station as a
requested base station number. When a mobile station
moves from an area controlled by one base station to
another area controlled by the other base station, there-
fore, the receiving base station number will be different
from the requested base station number.

At the steps S15 and S16, one mobile station has
been registered in the base station registry table. It is
then judged whether or not the responses from all the
mobile stations during one polling cycle are received
(817). If not, the procedure returns to the step S11
wherein the same process is repeated for the other
mobile stations. All the base stations are registered in
the base station registry table during one polling cycle.
The one polling cycle is carried out according to the poll-
ing indication table of Fig. 6C. Thus, the polling is carried
out to the respective one of the mobile stations for the
selected base station. The number of mobile stations
subjected to one polling cycle becomes equal to the
number of selected base stations.

If one polling waiting/setting period is exceeded at
the step S12, it is then judged whether or not there is a
mobile station in which there is still no response and the
setting time elapsed (818). This is because when some
pollings are tried and if there is no polling response, it is
believed that this mobile station has moved out of the
communicatable area. In this case, an area separation
process which will be described, must be performed.

When the registration of the requested base station
number into the base station registry table is terminated
according to the process of Fig. 7, another process of
updating the base station used in the polling to a base
station now received is carried out, as shown in Fig. 8.
The process of Fig. 8 is carried out even after the area
separation process and the system setup process have
been carried out.

The process of Fig. 8 is performed for all the regis-
tered mobile stations and for all the receiving base sta-
tions. One mobile station is first processed (821). One
receiving base station in the polling registry table is then
processed (S22). It is then judged whether or not the
receiving base station to be processed coincides with
one in the base station registry table ($23). If the receiv-
ing base station number in the base station registry table
is different from the requested base station number, this
process performs the polling to the mobile stations
through both the base stations. If there is a polling
response from the requested base station, the base sta-
tion to be controlled is changed.

If the result is NO at step 23, it means that the receiv-
ing base station has not controlled the mobile station to
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be processed until now. It is then judged whether or not
the mobile station to be processed is registered in the
receiving base station (S24). If the mobile station to be
processed is registered, itis deleted from the polling reg-
istry table (825). This is because the base station to be
processed is not the receiving base station. When the
mobile station to be processed moves from one base sta-
tion to another base station, and if the other base station
becomes a receiving base station, the base station pre-
viously used is deleted from the polling registry table.
Since the receiving base station described in the base
station registry table is updated at step S13, the base
station actually used by the mobile station is registered
in the base station registry table when the switchover of
the base stations is terminated.

If the response is YES at step S23, it is judged
whether or not the mobile station to be process has been
registered (S26). If YES in both steps S23 and S26, no
specific process will be carried out since the polling has
been properly performed. On the other hand, if the result
is NO at step S26, that mobile station must be registered
as a mobile station for the receiving base station to be
processed. For this purpose, this mobile station is regis-
tered in the polling registry table. However, the mobile
station must be registered finally as viewed from the poll-
ing flag. This is because it is not intended to disturb the
sequence of polling in the base station. If the mobile sta-
tion is registered at a nearer location as viewed from the
polling flag, the next polling will also be carried out rela-
tive to that mobile station. This will disturb the sequence
of polling.

When the process at steps S25 and S27 has termi-
nated andif the resultis YES at step $26, itis then judged
whether or not the procedure for all the receiving base
stations has terminated (S28). If NO, the procedure
returns to S22 wherein the process is repeated until the
procedure relating to the mobile station to be processed
for all the receiving base stations is completed. If YES at
step S28, it is judged whether or not the procedure for
all the registered mobile stations has terminated (S29).
If not, the procedure returns to S21. In such a manner,
all the receiving base stations for one mobile station are
judged. Such a judgment is carried out for all the mobile
stations. Thus, the polling registry table will be rear-
ranged and updated for all the mobile stations.

If the process of Fig. 8 has terminated, the process
is performed only when the receiving base station is dif-
ferent from the requested base station. This will be
described with reference to Fig. 9. First of all, one base
station to be processed is selected starting from a receiv-
ing base station on which a head indicating/processing
flag stands (S31). With this receiving base station, a
mobile station to be processed on which a polling flag
stands is then selected (S32). With this mobile station to
be processed, receiving and requested base station
numbers are taken out from the base station registry
table (S33).

There is also a case when a plurality of requested
base station numbers are used if a plurality of base sta-
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tions are allocated to the same channel. Even if there is
only one requested base station number that coincides
with a receiving base station number, only the receiving
base station number is fetched. In other words, a base
station to be subjected to actual communication is
selected to.

Itis then judged whether or not a mobile station cor-
responding to each of the fetched base station numbers
is unregistered in the polling indication table (S34). In
other words, the present polling is not carried out if poll-
ing can not be performed for all the base stations
requested by one mobile station. If YES at step S34, the
mobile station is registered at the location of each of the
fetched base station numbers (S35). In such a manner,
all the mobile stations are registered in the polling sched-
ule of the base station requested by the mobile stations.
If the receiving base station number for one mobile sta-
tion is different from the requested base station number,
that mobile station will be registered in the polling registry
table both with the previous receiving base station
number and the present requested base station number.

The polling flag of the polling registry table proceeds
to the next one (S36). Thus, an object for the next polling
is set. It is then judged whether or not the procedure for
all the base stations has terminated (S37). If not, the pro-
cedure returns to S31 and is repeated. Thus, a mobile
station on which a polling flag stands can be registered
for all the base stations while a mobile station for a base
station having its requested base station number can be
registered. If YES at the step S37, the head indicat-
ing/processing flag proceeds to the next one (838). This
is because when polling is repeated many times for one
mobile station due to communication error, it is intended
to prevent the polling cycle for the other mobile stations
from being prolonged by changing the first receiving
base station to be processed for each polling operation
such that the search sequence for this mobile station will
be changed for each polling operation.

When the process of Fig. 9 has terminated, an indi-
cation channel number used in the polling communica-
tion is set. This setting will be described with reference
to Fig. 10. First of all, a mobile station for one selected
base station in the polling indication table is selected as
an object to be processed (S41). It is then judged
whether that mobile station is in the middle of setup or
area separation (S42). If not, the indication channel
number is judged to be the channel number of the
requested base station (S43). If the mobile station is in
the middle of setup or area separation, the indication
channel number is judged to be the channel number of
the selected base station (S44). This channel number
setting is carried out according to the channel setting
table. It is then judged whether or not the procedure for
all the selected base stations has completed (S45). If not,
the procedure returns to S41 and is repeated.

Thus, the channel number indicated to the mobile
station becomes a channel number now requested, inde-
pendent of the base station used. During the setup or
area separation, the indicated channel number becomes
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the channel number of a mobile station used in the poll-
ing, in consideration of a case where the mobile station
itself did not judge that it was undergoing area separa-
tion.

Once the system is ready for polling in such a man-
ner, the polling transmission will be carried out to a
mobile station on which the polling flag is set (S50). The
procedure then returns to S11 shown in Fig. 7.

A base station having no mobile station to be sub-
jected to the polling transmits dummy polling. The frame
of such dummy polling is similar to those of Figs. 4A-4D
except that the indication channel number, mobile station
number and data are dummy. The data may be fixed to
a length sufficient for the mobile station to perform the
carrier sense or may be the maximum length among
those of the base stations in one polling cycle.

Fig. 11 shows a timing chart for control in the present
embodiment. As will be apparent from the polling registry
table, the first polling operation is made such that the
receiving base station number #1 corresponds to the
mobile station %1; the receiving base station number #2
to the mobile station %3; the receiving base station
number #3 to the mobile station %4; the receiving base
station number #4 to the mobile station %5; and the
receiving base station number #5 to no mobile station.
Thus, the polling will be carried out as shown in the poll-
ing indication table of Fig. 5C. The system receives the
polling responses from each of the mobile stations %1,
%3, %4 and %5. The polling flag in the mobile station
%2 is then rewritten. Therefore, the second polling oper-
ation is made for the mobile stations %1, %2, %4 and
%5. The third polling operation is performed for the
mobile stations %1, %3, %4 and %5, as in thefirst polling
operation. It is now assumed that the mobile station %3
enters the area 1 and that the base station controlling
the mobile station %3 is changed from #2 to #3. In such
a case, the shift from the base station #2 to the base
station #3 is not still recognized in the fourth polling oper-
ation. The fourth polling operation is therefore carried out
for the mobile stations %1, %2, %4 and %5 as in the
second polling operation. At this time, however, the
requested channel number has been changed to 3 (i.e.,
mobile station #3) in the polling response from the mobile
station %3. The key station 10 recognizes this change
and registers the mobile station %3 relative to the receiv-
ing base station #3 in the polling registry table. As a
result, the fifth polling operation will be made for the
mobile stations %1, %3, %3 and %5. In other words, the
base station #2 will execute the current polling for the
mobile station %3 since the immediately previous polling
operation has been made for the mobile station %2. On
the other hand, the base station #3 will perform the cur-
rent polling operation for the mobile station %3 at the
step S35. If the polling response is returned from the
mobile station %3 back to the base station #3, the latter
will be registered as a receiving base station number for
the mobile station %3. At step S25, the mobile station
%3 is then deleted relative to the receiving base station
number #2. Thus, the sixth polling operation is carried
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out for the mobile stations %1, %2, %4 and %5 and the
seventh polling operation is performed for the mobile sta-
tions %1, %2, %3 and %5. It will be finally registered that
the base station controlling the mobile station %3 has
been shifted from #2 to #3.

Since a requested channel number that is the iden-
tification data of a base station to be now used by a
mobile station is sent to the key station according to the
present embodiment, the position of that mobile station
can be clearly grasped by the key station at all times,
resulting in provision of good communication. The similar
advantage can be obtained even by transmitting an area
number from a mobile station to the key station which in
turn determines a base station to communicate with that
mobile station. After it has been confirmed that the
mobile station is in connection with a base station to be
next used, the registry of the mobile station relative to
the previous receiving base station is deleted from the
polling registry table. Consequently, the reliability in com-
munication can be improved.

The system determines a requested base station by
utilizing the carrier sense system and the area identifi-
cation system utilizing the table of Fig. 5B while switching
them from one to the other. It is possible for the carrier
sense system to only receive radio waves (carriers) from
the base stations without any special installation. There-
fore, the carrier sense system s suitable for use in control
over a broad range. On the other hand, the area identi-
fication system can simply determine a base station from
the position of a mobile station. Even though the base
stations are located close to one another, the assignment
of areas to be controlled can be accurately determined.
It is thus preferable that the area identification system is
used in a case where the base stations are located close
to one another in such an area that the mobile stations
move concentrically. A preferred overall system can be
provided by combining the carrier sense system with the
area identification system.

According to the present invention, thus, the mobile
stations do not require any special time period when a
base station is shifted to another base station. Even if a
communication error is created during such a shifting,
the key station will not lose the position of any mobile
station while no mobile station will lose any base station.
Therefore, the reliability in communication can be
improved.

Fig. 12 shows a flowchart illustrating the setup proc-
ess. During the setup, all the base stations used by the
system are registered relative to all the mobile station
columns in the base station registry table, using the col-
umns of receiving and requested base stations in the
same table (S61). An indicating/processing flag in the
polling registry table is set at any place (S62). It is pre-
ferred that the position of the head indicating/processing
flag has previously be set since it can be set at any suit-
able place. With such a process, all the base stations are
registered for each of the mobile stations, as shown in
Fig. 13. More particularly, for all the mobile stations, the
base station #1 is registered as a receiving base station
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number and the base stations #2, #3, #4 and #5 are reg-
istered as requested base station numbers. Thus, the
first polling operation may be carried out from all the
selected base stations to the mobile station #1. If the
mobile station #1 returns the response to any one of the
base stations, the number of that base station will be reg-
istered as a receiving base station number. If the
requested base station number is invariable at this time,
the number of that base station will also be registered for
the requested base station number. In such a manner,
the receiving base stations can be registered for all the
mobile stations during the setup of the system.

The area separation will be described with reference
to Fig. 14. At the aforementioned step S17, if there is still
no response, and when there is a mobile station whose
set time period has elapsed, all the base stations used
by the system are registered relative to the column of
that base station in the base station registry table, using
the columns of receiving and requested base stations
(871). For that base station, thus, all the base stations
become receiving or requested base stations. As a
result, that mobile station will be registered relative to all
the base stations in the polling registry table. The polling
can be carried out from all the base stations to that
mobile station. If that mobile station returns back into the
area, any one of the base stations can receive the polling
response.

[Process in Mobile Station]

Aflowchart for controlling the mobile stations will be
described with reference to Fig. 15. A mobile station first
judges whether or not it receives a down signal (S81). If
s0, the carrier sense is initiated (S82). At the same time,
it is judged whether or not the polling toward the mobile
station itself is received (S83). If so, a requested channel
number becomes the result of the carrier sense (S84)
and the response is transmitted through an indicated
channel (S85).

On the other hand, if the down signal is not received
by the mobile station at step S81 and when the mobile
station does not receive the polling toward itself at step
883, it is judged whether or not the set time period has
elapsed (S86). If not, the procedure returns to step S81.
If the set time period has elapsed, the channels are
switched from one to another with a given cycle until the
mobile station receives all the above signals (S87). If a
channel can receive these signals, that channel is
selected as an indicated channel (888). This channel is
also selected as a requested channel number (889). The
procedure then proceeds to S85 where the mobile sta-
tion transmits the response through the indication chan-
nel and awaits a signal through the indicated channel
(S90). In the normal case, thus, the requested channel
number is changed to another one from the result of the
carrier sense and matched to the change of the base
station to be controlled. If the mobile station can not
receive the polling toward itself, the channel is changed
from one to another to deal with such a situation.
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[Others]

If the down data is identified by interpreting the
received data of carrier sense frequency when the
mobile station performs the carrier sense, each of the
base stations can perform the polling atindependent tim-
ing. In such a case, it is preferred that the broadcast poll-
ing is carried out only when a single mobile station is
subjected to polling from a plurality of base stations dur-
ing switchover of the base stations. If it is permitted dur-
ing the changeover to carry out the polling, the
changeover of channels in the mobile stations may be
carried out after the transmission. Thus, independent
polling can be performed during the changeover.

Although the aforementioned embodiment is char-
acterized by the up and down frequencies of the same
level, they may be offset from each other by a given fre-
quency. Furthermore, CDM (Code Division Multiplex)
using spread spectrum communication can be used.

Second Embodiment

The second embodiment will now be described.
However, the description of matters similar to those of
the first embodiment will be omitted.

[System Layout]

Fig. 16 shows the system layout of the second
embodiment which is characterized by the broadcast
communication.

A key station 10 is connected to a plurality of base
stations 12, but the second embodiment is different from
the first embodiment in that additional base stations #1-
1 and #1-2 are provided. More particularly, the base sta-
tions are divided into groups. Among them, group 1
includes the base stations #1-1 and #1-2. The channel
frequency of the base station #1-2 is 6. In this example,
a mobile station %6 is now in communication with the
base station 1-2. Thefirst number representing the group
of base station numbers will be called the "parent
number” while the branch numbers of the base stations
in the group will be called the "child number".

[Frame Structure of Signal]

The signal frame structures are similar to those of
Figs. 4A-4D. The "selected base station number” con-
tained in the signal frame of a signal a from the key sta-
tion 10 to the base stations 12 only consists of a parent
number, but does not include any child number. There-
fore, the data is the same as in the first embodiment.

[Setting Table]

Fig. 17A shows a channel setting table while Fig.
17B shows an area setting table. As will be apparent, the
setting table is different from that of the first embodiment
in that the base stations 12 are specified by parent and
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child numbers. More particularly, the channel frequen-
cies of the base stations #1-1 and #1-2 are set to be 1
and f6, respectively. In this example, only the base sta-
tions #3 and #4 are respectively present in groups 3 and
4, in each of which the area is set. If a plurality of base
stations 12 are present in one group, however, an area
will be set for each of the base stations which is specified
by a child number.

[Control Table]

Figs. 18A, 18B and 18C show a base station registry
table, a polling registry table and a polling indication
table, respectively. In this example, the base station #1-
2 isregistered as receiving and requested base stations
for the mobile station %6 in the base station registry table
since the mobile station %6 is in communication with the
base station #1-2. The receiving base station #1 in the
polling registry table (wherein the base station #1
includes both the receiving base stations #1-1 and #1-2
to register only the parent number) performs the down
communication to the mobile stations %1 and %6. Since
the current down communication is carried out for the
mobile station %1, the polling flag becomes "1" relative
to the mobile station %1. On the next polling communi-
cation, the polling flag becomes "1" relative to the mobile
station %6.

The selected base station 12 and mobile station 14
in the current polling are described in the polling indica-
tion table. Based on the polling indication table, a signal
frame is prepared to perform polling communication.

In such a manner, only parent numbers are regis-
tered in the polling registry table. Further, only a parent
number is indicated to the signal frame from the key sta-
tion 10 to a base station 12 as a selected base station
number. Thus, the down communication will be per-
formed from both the base stations #1-1 and #1-2 to the
mobile stations %1 and %6 both of which can receive
the same data. As a result, the same data can be trans-
mitted to all the mobile stations in one group. Since only
the indicated mobile station 12 returns the polling
response, the polling communication can be carried out
to the respective one of the mobile stations 14 by
sequentially changing the mobile station 14 to be sub-
jected to the polling from one to another.

Although a plurality of groups are used in this exam-
ple, the present invention is not limited to such an
arrangement, but may be applied to a single group. With
a single group, the broadcast transmission/independent
polling will be carried out.

[Process in Key Station]

The process in the key station is basically similar to
that of the first embodiment. However, the judgment at
step S23 shown in Fig. 8 is to compare the parent num-
bers of the receiving base stations with one another.
More particularly, at step S23, it is judged whether or not
the parent number of a receiving base station to be proc-
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essed coincides with that of the receiving base station in
the base station registry table. This is because all the
base stations having the same parent number perform
the down communication.

In the first embodiment, at step S44 of Fig. 10, the
indication channel number is selected as the channel
number of a selected base station during the setup of the
mobile station or during the area separation. If the
selected base station (parent number) has a plurality of
channels, however, the first embodiment cannot specify
one channel. In such a case, therefore, the indication
channel number is determined to be a dummy channel.

[Process in Mobile Station]

The process in the mobile station is also basically
similar to that of the first embodiment except that the sec-
ond embodiment includes an additional step (S91)
between the steps S83 and S84, this additional step S91
being adapted to determine a received channel at an
indication channel when the indication channel is a
dummy channel, as shown in Fig. 19. During the setup
of the mobile station 14 or during the separation, the
mobile station can return the polling response to deter-
mine that channel as an indication channel when it
receives the down communication. This makes the start
or restart of the communication smooth.

[Polling Communication Procedure]

Fig. 20 shows a timing chart of the communication
between the base stations 12 and the mobile stations 14.
As will be apparent from this timing chart, the base sta-
tions #1-1 and #1-2 perform the down communication in
the polling down communication through the base sta-
tion #1. The destination will be alternately selected from
the mobile stations %1 and %6. If a plurality of mobile
stations are present in a group (the same parent
number), these mobile stations is sequentially selected
as a destination. However, all the mobile stations receive
the down communication.

On the other hand, the mobile stations return the
polling response only when the destination of the down
communication is themselves. Therefore, the mobile sta-
tions %1 and %6 will alternately return the polling
response. If a number of mobile stations 14 are present
in the same group (the same parent number), the down
communication is received by all the mobile stations 14
which will sequentially return the polling response one
at a time.

Fig. 21 is a timing chart illustrating the data transfer
on lines. First of all, the down communication a from the
key station 10 to each of the base stations 12 is carried
out through base lines. Each of the base stations 12 exe-
cutes the down communication b to the corresponding
mobile station 14 through radio-lines. Both the base sta-
tions #1-1 and #1-2 perform the down communication b
relative to the mobile station %1. Thus, the other mobile
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station %6 can also receive the communication to the
mobile station %1.

Each of the base stations 14 returns the polling
response (signal ¢) to the corresponding base station 12
which in turn returns the up communication to the key
station 10.

In such a manner, the broadcast polling communi-
cation can be carried out which simultaneously sends a
signal to all the mobile stations 14 in the same group and
independently receives the polling response from the
respective mobile stations 14.

If itis desired to utilize the mobile communication for
controlling unmanned vehicles such as unmanned car-
rier cars, the data sequentially transmitted from the
ground to each of the vehicles may contain a security
signal area. Each of the vehicles monitors such a signal
at all times. In the event of an accident, the vehicles may
be simultaneously stopped to prevent impingement.
According to the second embodiment, the broadcast
polling can be executed to send the data from all the base
stations to each of the mobile stations which can receive
the data sent to all of the mobile stations. Therefore, all
the mobile stations in one group can monitor the security
signal in the data at all times. In the event of an accident,
all the mobile stations can be simultaneously stopped to
prevent impingement.

In this polling communication, a base station to be
connected with a mobile station 14 is specified by the
positional information of that mobile station or from the
result of the carrier sense, as in the first embodiment.
Thus, the switch of the base stations to be controlled
from one to another can be smoothly executed.

Fig. 22 shows a modification of the second embod-
iment wherein star-like base line layouts between the key
station 10 and the base stations 12 are connected with
one another through individual communication lines. In
such an arrangement, the parallel communication can
be accomplished between the key station 10 and the
mobile stations 14 through the base stations 12. This can
reduce time required by one polling operation.

Third Embodiment

In the third embodiment, similarly, the description of
the same matters as in the first embodiment will be omit-
ted.

[System Layout]

The layout of the third embodiment is shown in Fig.
24. As will be apparent from this figure, the overall sys-
tem layout is similar to those of the first and second
embodiments except that all the base stations 12 in the
third embodiment communicate with the mobile stations
14 through the same channel (the same frequency).
More particularly, all the base stations #1-#5 execute the
radio communication with the base stations using a fre-
quency f1.
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The base stations 12 sequentially send a signal.
Each of the mobile stations includes a transmitter-
receiver unit 14B having a carrier sense function that
compares the intensities of radio waves from the respec-
tive base stations 12 with one another to determine a
base station to be selected (requested base station).

[Signal Frame Structure]

Fig. 25A shows the frame structure of a signal a from
the key station 10 to the base stations 12, which is the
same as in the first embodiment. The frame structure of
a signal b from a selected base station 12 to the mobile
stations 14 includes an additional selected base station
number as shown in Fig. 25B. This is because all the
base stations use only one channel number in the third
embodiment and the mobile stations require the
"selected base station number” to recognize a base sta-
tion 12 that has sent a signal.

A signal ¢ that is the polling response returned from
the mobile station 14 to the base station 12 contains a
"sending base station number" as shownin Fig. 25C. The
sending base station number can be used to cause a
base station 12 that has received a signal to recognize
that that signal is directed toward itself. In the third
embodiment, a "requested channel number” is taken in
place of the "requested base station number” that is
determined by the mobile station 14 returning the polling
response from the result of the carrier sense.

As shown in Fig. 25D, a signal d sent from the base
stations 12 to the key station does notinclude the "receiv-
ing base station number". The receiving base station
number is not required by the third embodiment because
the communication is performed sequentially from the
key station 10 to the respective mobile stations 14
through the selected base stations 12.

[Setting Table]

The setting table of the third embodiment does not
have the channel setting table. This is because all the
base stations use the same channel (frequency f1). The
area setting table is of the same structure as in the pre-
vious embodiments. Depending on the position of the
mobile station, therefore, the area setting table can be
utilized to determine a base station to be used next.

[Control Table]

The control table comprises a base station registry
table (Fig. 26A), a polling registry table (Fig. 26B) and a
polling indication table (Fig. 26C), as in the previous
embodiments.

Requested base stations for each of the mobile sta-
tions have been registered in the base station registry
table. Since the polling communication is performed for
each base station, it is not required that receiving base
station numbers are registered in addition to the
requested base station numbers. In the polling registry
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table, the head indicating/processing flag of a requested
base station to be subjected to the polling next is set to
"1". In this embodiment, the base station #3 is next to be
subjected to the polling. In the polling of the base station
#2, the mobile station %2 is first subjected to the polling.

The polling indication table describes base and
mobile stations that are determined on the polling regis-
try table and to be placed next in the polling communi-
cation. In this example, the base station #3 and mobile
station %4 are described since the polling is to be made
therebetween.

[Process in Key Station]

The process in the key station 10 is basically similar
to that of the first embodiment and will be described only
in connection with some different respects.

Fig. 27 shows no registry of receiving base station
that corresponds to the step S13 of Fig. 7. In the registry
of requested base station number at the step S216, it is
registered in the base station registry table independ-
ently of which column the requested base station number
should be registered at, since there is no receiving base
station number. Since only one mobile station is to be
subjected to one polling operation, there is no judgment
of whether or not the procedure relating to a plurality of
mobile stations (which corresponds to the step S17 in
Fig. 7) has completed.

In the procedure of Fig. 28, the process of receiving
base station number is replaced by the process of
requested base station number since only the requested
base station numbers are present in the base station reg-
istry table.

More particularly, a requested base station to be
processed is selected at step S222 and it is judged at
step S232 whether or not the selected requested base
station is identical with the requested base station in the
base station registry table. During the area separation or
during the setup, the base station registry table includes
a plurality of requested base stations since all the base
stations are registered therein as requested base sta-
tions. At step S227, a selected mobile station is regis-
tered on the end of the requested base station column
in the polling registry table. More particularly, since a
mobile station has not been registered in the polling reg-
istry table despite the fact that the requested base station
to be processed is identical with the requested base sta-
tion in the base station registry table, that base station is
registered at step S227. At step S228, it is judged
whether or not the process of all the requested base sta-
tions has terminated.

Since in this example only one mobile station is sub-
jected to the polling in one communication, the proce-
dure from the start to the polling communication (which
corresponds to the procedure of Figs. 9 and 10) is greatly
simplified.

A requested base station to be processed, in which
the head indicating/processing flag of the polling registry
table is set, is selected (S231), and at the same, time a



21 EP 0 699 982 A2

mobile station in which the polling flag is set is selected
(S232). The selected mobile station is registered in the
polling indication table at the number of the fetched base
station (S233) while the polling flag of the polling registry
table is advanced to the next mobile station (S234). It is
then judged whether or not the polling flag returns to the
start of the column of the base stations to be processed
(S235). If so, the head indicating/processing flag is
advanced to the further next mobile station to change the
requested base station to be processed (S236).

When the procedure of the polling registry table and
polling indication table has terminated, the polling com-
munication is initiated according to the contents of the
polling indication table (S237). In such a manner, a single
selected base station number and associated mobile
station numbers are described in the polling indication
table. The polling is executed according to the polling
indication table.

[Setup]

During the setup, all the base stations used in the
system are first registered in the base station registry
table at the requested base station column for all the
mobile stations (S261), as shown in Fig. 30. All the base
stations are thus registered in the base station registry
table as requested base stations for the respective
mobile stations, as shown in Fig. 31. Next, the head indi-
cating/processing flag of the polling registry table is set
on any place. In other words, the head indicat-
ing/processing flag of any base station is set to "1" since
the process may be initiated at any base station.

Thus, the polling is sequentially carried out from
each of the base stations to the respective mobile sta-
tions. The requested base stations for the respective
mobile station are sequentially determined.

[Area Separation]

During the area separation, all the base stations
used by the system in connection with a separating
mobile station are registered in the base station registry
table. Therefore, the polling is performed from each of
the base stations to that mobile station. When the mobile
station returns to the original area, the requested base
stations are determined.

[Process of Mobile Station]

A flowchart of the procedure in the mobile station is
shown in Fig. 32. It is first judged whether or not the
mobile station receives the down signal (S281). If so, the
carrier sense is initiated (S282). It is then judged whether
or not the mobile station receives the polling toward itself
(S283). If so, a requested base station number is set to
be the result of the carrier sense (S284) and at the same
time the number of the sending base station is set to be
a selected base station number (S285). As a result of the
carrier sense when the down signal is received, the opti-
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mum base station (which has the largest intensity of
received radio wave) can be found and used as a
requested base station which is in turn transmitted to the
key station. The sending base station number can be
used as the selected base station number to return the
polling response to the sending base station.

At this stage, the key station is responsive to the
sending requested base station for changing the base
station to be used in the polling from one to another in
connection with the base station in question. Therefore,
a base station to be used can be determined from the
result of the carrier sense in the mobile station. If an area
number has been set, a base station to be used is deter-
mined depending on the positional signal (area number)
sent from the mobile station.

[Timing in Polling Communication]

Fig. 33 shows a timing chart in this embodiment. The
polling communication is sequentially carried out for the
base stations. If a plurality of mobile stations are regis-
tered for one base station, all the mobile stations are sub-
jected to the polling communication. When the polling
communication has terminated for all the mobile sta-
tions, the polling communication is further performed
through the next base station. In this example, the mobile
stations %2 and %3 have originally been registered for
the base station #2. Since the mobile station %1 speci-
fies the base station #2 as a requested base station in
the polling response to the mobile station %1, the polling
to the mobile station %1 is also carried out when the poll-
ing is made to the base station #2.

A base station having no registered base station (in
this example, the base station #5) sets a mobile station
to be processed as a mobile station %0 and performs a
dummy communication. Such a dummy communication
permits the mobile station to execute the carrier sense.
A mobile station entering the area controlled by the base
station #5 sets this base station as a requested base sta-
tion depending on the result of the carrier sense. Thus,
the base stations can be switched from one to another.

[Other Structures]

Although the third embodiment has been described
as to a single frequency, the present invention may be
applied to up and down frequencies which are different
from each other. Since the mobile stations controlled by
one base station can receive any signal transmitted
toward the other mobile station in the same base station,
broadcast communication can be executed within this
range.

[Advantages of This Embodiment]

According to this embodiment, a plurality of base
stations may be provided such that even if the commu-
nication area is enlarged, the number of channels will not
be increased and the frequency band can be reduced.
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Since the carrier sense is not required by the base sta-
tions, the process on the side of base station can be rel-
atively simple.

Since a base station is selected by a mobile station
as in the previous embodiments, the optimum base sta-
tion can be selected by a relatively simple structure.

Through a technique such as a carrier sense system
or the like, a mobile station (14) identifies a base station
(12) (requested base station) by which the mobile station
is to be controlled. In response to polling from a key sta-
tion (10), the base station informs the key station (10) of
the requested base station. When the key station (10)
performs the polling to know that a receiving base station
which obtained the response is different from the
requested base station, the next polling will be made
through both the base stations (12). If the key station
receives the response from the requested base station,
the key station switches the base station controlled by
itself from one to another.

Claims

1. A mobile radio communication system of such a poll-
ing type that a key station communicates with a plu-
rality of mobile stations through a plurality of base
stations, wherein one of said mobile stations sends
identification information of abase stationtobe used
next to the key station, the key station then switching
a polling path such that the key station will commu-
nicate with said mobile station that sent said identi-
fication information through a base station indicated
by said identification information, and said mobile
station switching the polling path such that a polling
response will be returned therefrom to the key sta-
tion through said base station indicated by said iden-
tification information.

2. A mobile radio communication system according to
claim 1 wherein the key station compares the base
station to be used next indicated by the identification
information from said mobile station and a base sta-
tions which received the polling response from said
mobile station, and said key station will carry out the
polling to said mobile station through both base sta-
tions until the base station to be used next matches
a base station which received the polling response
of said mobile station.

3. A mobile radio communication system according to
claim 1 wherein the key station sends the identifica-
tion information of a base station switched on the
basis of the identification information of the base sta-
tion to be used next to said mobile station which sent
said identification information, thereby indicating
which base station should be used by said mobile
station.

4. A mobile radio communication system according to
claim 1, comprising a previously stored table con-
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taining the correspondent relationship between a
position of a mobile station and a base station which
should be used, and when the mobile station sends
information of the position, the key station refers to
the table and determines which base station should
be used by said mobile station.

A mobile radio communication system according to
claim 1 wherein the communication is carried out
while switching between a carrier sense system in
which a base station to be used next is identified by
a mobile station on the basis of the state of carrier
reception from a plurality of the base stations, the
identity of the identified base station being then
informed to the key station, and an area assignment
system in which a mobile station sends information
of its position and the key station determines a base
station to be used next in accordance with the sent
position of said mobile station.

A mobile radio communication system according to
claim 5 wherein at a preselected location, a mobile
station senses its own position from a position sens-
ing marker on a path of mobile station travel, and
said mobile station sends its position when said
position sensing is carried out, while it sends the
state of the carrier reception when said position
sensing could not be carried out.

A mobile radio communication system according to
claim 1 wherein the key station includes a base sta-
tion registry table representing the correspondent
relationship between a mobile station and a receiv-
ing base station and wherein when the key station
receives the polling response from a mobile station,
the receiving base station is renewed to the base
station which received the communication from the
mobile station.

A mobile radio communication system according to
claim 7 wherein said base station registry table also
describes the correspondent relationship between a
mobile station and a requested base station to be
used next by said mobile station and wherein when
the identification information of a base station to be
used next is sent from a mobile station to the key
station, the base station registry table registers a
base station specified by said identification informa-
tion as the requested base station.

A mobile radio communication system according to
claim 8 wherein the key station compares the receiv-
ing and requested base stations in the base station
registry table and wherein if these base stations
match each other, the key station uses said base
station to carry out the polling to said mobile station
and if not, the key station uses both the base stations
to carry out the polling to said mobile station.
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A mobile radio communication system according to
claim 9 wherein during the setup of said system, the
same base station is registered for all the mobile sta-
tions in said base station registry table as a receiving
base station.

A mobile radio communication system according to
claim 10 wherein during the setup of said system, a
base station different from the receiving base station
is registered for all the requested base stations in
said base station registry table.

A mobile radio communication system according to
claim 11 wherein said base station registry table can
register a plurality of requested base stations for one
mobile station and wherein all the receiving and
requested base stations for one mobile station are
set to be different from one another.

A mobile radio communication system according to
claim 9 wherein said base station registry table can
register a plurality of requested base stations for one
mobile station and wherein when it becomes impos-
sible for a mobile station to communicate, said base
station registry table sets all the receiving and
requested base stations for said mobile station to be
different from one another.

A mobile radio communication system according to
claim 1 wherein the same signal is received by a plu-
rality of mobile stations through a plurality of base
stations.

A mobile radio communication system according to
claim 14 wherein said plurality of base stations send
the same signal designating a mobile station toward
a plurality of the mobile stations and wherein only
the designated mobile station returns the polling
response to said base stations.

A mobile radio communication system according to
claim 1 wherein all the base stations have the same
signal frequency and in which one communication
is carried out between one base station and one
mobile station.

A mobile radio communication system according to
claim 16 wherein the key station includes a table of
mobile stations to communicate with all the base sta-
tions and wherein the key station performs the
sequential communication with all the mobile sta-
tions through the base stations according to said
table.

A mobile radio communication system according to
claim 17 wherein a base station having no mobile
station to communicate therewith sends a signal that
does not specify any mobile station to be designated
in the communication.
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19. A mobile radio communication system according to

claim 18 wherein each of said mobile stations has a
carrier sense function of sensing and comparing the
levels of received signals from said plurality of base
stations and wherein said mobile station can specify
a base station having the highest level of received
signal as a base station to communicate with itself.
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